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(54) DC POWER SUPPLY WITH FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the output 
of a power supply system which employs both a fuel 
cell and a battery. 

SOLUTION: A power supply system 1 comprises a 
fuel cell 40 and a battery 20, which are connected in 
parallel with each other. A DC-DC converter 30 is 
connected to the battery 20. The maximum output 
ration between the fuel cell 40 and the battery 20 is 
set within a range, where the output of fuel cell 40 is 
65-80% of the total output. Using such a constitution, 
the loss in the DC-DC converter 30 can be 
suppressed, and high energy efficiency can be 
realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] DC power supply which are DC power supply, are equipped with the capacitor by which 
parallel connection was carried out to the fuel cell connected to the terminal and this terminal of the 
lot which outputs power with said fuel cell at this terminal, and in which charge and discharge are 
possible, and have the ratio of the maximum output of said fuel cell and said fuel cell to the 
maximum full force force of a capacitor in or more 0.4 0.8 or less range. 

[Claim 2] They are the DC power supply which are DC power supply and are beyond the power 
desired value that is equipped with the capacitor by which parallel connection was carried out to the 
fuel cell connected to the terminal and this terminal of the lot which outputs power with said fuel cell 
at this terminal, and in which charge and discharge are possible, and outputs the maximum output of 
said fuel cell continuously between place commuter's tickets from said terminal. 
[Claim 3] They are the DC power supply which are DC power supply and are more than the 
maximum of the power with which it has the capacitor by which parallel connection was carried out 
to the fuel cell connected to the terminal and this terminal of the lot which outputs power with said 
fuel cell at this terminal, and in which charge and discharge are possible, and the capacity of said 
capacitor is inputted into said terminal from the exterior. 

[Claim 4] claim 1 thru/or a claim — the DC power supply which are the DC power supply of a 
publication 3 either, and are more than the maximum demand power with which the maximum full 
force force of said fuel cell and capacitor is required of said output terminal. 
[Claim 5] claim 1 thru/or a claim — the DC power supply which are the DC power supply of a 
publication 4 either, and are equipped with the DC-DC converter connected between said capacitors 
and said terminals. 

[Claim 6] claim 1 said whose capacitor is a rechargeable battery thru/or claim 5 — either — the DC 
power supply of a publication. 

[Claim 7] It is the car which makes a motor the source of power, and has the DC power supply 
which supply power to this motor, and the drive circuit which drives this motor with this power. Said 
DC power supply The car which is equipped with the capacitor by which parallel connection was 
carried out to the fuel cell connected to the terminal and this terminal of the lot which outputs power 
with said fuel cell at this terminal, and in which charge and discharge are possible, and has the ratio 
of the maximum output of said fuel cell and said fuel cell to the maximum full force force of a 
capacitor in or more 0.4 0.8 or less range. 

[Claim 8] It is the car whose maximum output of said fuel cell it is the car which makes a motor the 
source of power, and it has the DC power supply which supply power to this motor, and the drive 
circuit which drive this motor with this power, said DC power supply are equipped with the 
capacitor by which parallel connection was carried out to the fuel cell connected to the terminal and 
this terminal of the lot which outputs power with said fuel cell at this terminal, and in which charge 
and discharge are possible, and is more than the demand power at the time of a round of visits of said 
car. 

[Claim 9] It is the car which is more than the maximum of the power by which it is the car which 
makes a motor the source of power, it has the drive circuit which carries out regeneration operation 
of this motor, and the DC power supply which can store electricity the power revived by this motor, 
said DC power supply are equipped with the capacitor by which parallel connection was carried out 
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with said fuel cell at this terminal to the fuel cell connected to the terminal and this terminal of the 
lot which exchanges the exterior and power, and in which charge and discharge are possible, and the 
capacity of said capacitor be revived by said motor. 

[Claim 1 0] claim 7 thru/or a claim — the car which is a car of a publication 9 either and is more than 
the maximum demand power with which the maximum full force force of said fuel cell and capacitor 
is required of said DC power supply. 

[Claim 1 1] claim 7 thru/or a claim — the car with which it is the car of a publication 10 either, and 
said DC power supply are equipped with the DC-DC converter connected between said capacitors 
and said terminals. 

[Claim 12] claim 7 said whose capacitor is a rechargeable battery thru/or claim 1 1 — either — the car 
of a publication. 

[Claim 13] It is the design approach of the DC power supply which carried out parallel connection of 
a fuel cell and the capacitor in which charge and discharge are possible. The conditions from which 
the maximum full force force of this fuel cell and a capacitor turns into more than the maximum 
demand power required of these DC power supply, The ratio of the maximum output of said fuel cell 
and said fuel cell to the maximum full force force of a capacitor or more 0.4 the maximum output of 
the conditions from which it becomes 0.8 or less, and said fuel cell The capacity of the conditions 
which are beyond the power desired value continuously outputted between place commuter's tickets, 
and said capacitor is the design approach of DC power supply of setting up the output of said fuel 
cell and a capacitor from the exterior in consideration of at least one of the conditions which are 
more than the maximum electric power inputted into these DC power supply. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the DC power supply which used the fuel cell. 
[0002] 

[Description of the Prior Art] In recent years, the fuel cell attracts attention as a power source which 
is excellent in operation effectiveness and environment nature. A fuel cell is equipment generated 
according to the electrochemical reaction of hydrogen and oxygen. A fuel cell controls the amount of 
supply of fuel gas, and outputs the power according to a demand. In a fuel cell, it may originate in 
the response delay of gas supply volume, and the responsibility of output power may become low. 
The technique which connects a fuel cell and a dc-battery to juxtaposition, and constitutes a power 
source as one means to avoid this evil is proposed. For example, with the technique given in 
JP,2000-12059,A, concomitant use of a dc-battery and a fuel cell is aimed at by changing the output 
voltage of a fuel cell with a DC-DC converter. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the further improvement of the power 
efficiency of power was desired about the above-mentioned configuration. This invention aims at 
offering the technique which improves further the power efficiency of the DC power supply which 
use together a fuel cell and the capacitor in which charge and discharge are possible. 
[0004] 

[The means for solving a technical problem, and its operation and effectiveness] In order to solve a 
part of above-mentioned technical problem [ at least ], in this invention, the maximum output of a 
fuel cell and a capacitor was set up the following condition in the DC power supply which carried 
out parallel connection of a fuel cell and the capacitor in which charge and discharge are possible. 
[0005] As the 1st configuration, the ratio (it is hereafter called a "power ratio") of the maximum 
output of a fuel cell and said fuel cell to the maximum full force force of a capacitor was made into 
or more 0.4 0.8 or less range. The energy efficiency of DC power supply is influenced by the power 
ratio of a fuel cell and a capacitor. It was found out that ** energy efficiency becomes the optimal by 
examination of this invention person when it is in the above-mentioned range. As for a power ratio, 
0.5 or more [ which can use a fuel cell as a main power supply among the above-mentioned range 
further ] are desirable, and 0.65 or more are more desirable. 

[0006] As an example, the relation between a power ratio and fuel consumption, i.e., energy 
efficiency, is shown in drawing 5 . It is the result of simulating fuel consumption supposing the case 
where DC power supply are applied to the car weight of 2000kg, and the motorised car of 80% of 
motor efficiencies. The result (continuous line in drawing) in the 10-15 mode and the result (broken 
line in drawing) in the LA4 mode were shown. The LA4 mode is operation mode used as fuel 
consumption calculation criteria in the U.S. A fuel consumption ratio means the value which 
normalized the fuel consumption in each power ratio with the maximum fuel consumption. A fuel 
consumption ratio becomes [ a power ratio ] high very much in 40% - 80% of range as illustrated. 
[0007] As the 2nd configuration, the maximum output of a fuel cell was carried out to beyond the 
power desired value outputted to a predetermined period continuation target from a terminal. If it 
carries out like this, an output becomes continuously possible from a fuel cell with high operation 
effectiveness about the power equivalent to power desired value, and energy efficiency can be 
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improved. When applying the DC power supply of this invention to a motorised car, the above- 
mentioned power desired value can be set up based on the round-of- visits engine performance of a 
car. The maximum output of a fuel cell may be taken into consideration by the power ratio with the 
power required of DC power supply. 

[0008] As the 3rd configuration, capacity of a capacitor was carried out to more than the maximum 
of the power into which it is inputted by the terminal from the exterior. If it carries out like this, the 
power inputted from the outside can be charged effectively and energy efficiency can be improved. 
When applying the DC power supply of this invention to a motorised car, the above-mentioned 
power can be set up based on the regeneration power at the time of braking a car by operating a 
motor as a generator. Using the power required of DC power supply, the capacity of a capacitor may 
be permuted by the power ratio of a fuel cell, and may be taken into consideration. 
[0009] The output of a fuel cell and a capacitor may be set up combining suitably the conditions 
taken into consideration with the 1st - the 3rd configuration which were mentioned above. It is most 
desirable to set up in consideration of all conditions. 

[0010] In the 1st - the 3rd configuration, it is desirable for the maximum full force force of a fuel cell 
and a capacitor to turn into more than the maximum demand power required of said output terminal, 
respectively. If it carries out like this, it will become possible to supply power utilizable enough 
about the capacity of the load equipment connected to the power source. If the maximum full force 
force and the maximum demand power are made in agreement, it can fully utilize and the capacity of 
a power source can also optimize energy efficiency and space efficiency. 
[001 1] In the DC power supply of this invention, it is desirable to have the DC-DC converter 
connected between the capacitor and said terminal. In the 1st - the 3rd configuration, the operating 
frequency of the power of a fuel cell becomes higher than the operating frequency of a capacitor. In 
a DC-DC converter, since loss arises at the time of electrical-potential-difference conversion, this 
loss can be controlled by connecting with a capacitor side with comparatively low operating 
frequency. 

[0012] A capacitor can be used as a rechargeable battery in this invention. It is good also as a thing 
using the equipment in which other charges and discharges are possible, for example, a capacitor. 
[0013] This invention can also be constituted as the various equipments using this power source 
besides the configuration as DC power supply, for example, a car which carries out motorised. 
Moreover, you may constitute as the design approach of DC power supply equipped with the process 
which sets up the output of a fuel cell and a capacitor so that the conditions enumerated with the lst- 
the 3rd configuration may be fulfilled. 
[0014] 

[Embodiment of the Invention] About the gestalt of operation of this invention, the example applied 
to the hybrid car is divided into the following items, and is explained. 

A. configuration [ of equipment ]: — B. power control processing: — setting [ of C. power ratio ]: — 
D. effectiveness: [0015] A. The configuration of equipment : drawing 1 is the explanatory view 
showing the configuration of the car carrying the power-source system as an example. This car runs 
the synchronous motor 61 connected with Wheels 63L and 63R as a source of driving force. The 
power source of a synchronous motor 61 is the power-source system 1 . The direct current outputted 
from the power-source system 1 is changed into the three-phase alternating current with an inverter 
60, and is supplied to a synchronous motor 61 . A synchronous motor 61 can also function as a 
generator at the time of braking. 

[0016] The power-source system 1 consists of a fuel cell 40, a dc-battery 20, a DC-DC converter, 
etc. A fuel cell 40 is equipment generated according to the electrochemical reaction of hydrogen and 
oxygen. In this example, the fuel cell of a solid-state macromolecule mold was used. The fuel cell of 
various types, such as a phosphoric acid mold and a melting carbonate mold, is applicable not only 
to this but the fuel cell 40. The hydrogen gas used for a generation of electrical energy reforms raw 
materials, such as alcohol, and is generated. In this example, a fuel cell 40 is called including the 
stack which generates electricity, the reforming machine which generates fuel gas. In addition, it is 
also possible to replace with a reforming machine and to take the configuration which stores 
hydrogen gas itself using a hydrogen storing metal alloy, a hydrogen bomb, etc. 
[0017] A dc-battery 20 is a rechargeable battery in which charge and discharge are possible. A 
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nickel -hydrogen battery shall be used in this example. In addition, the rechargeable battery of 
various types is applicable. Moreover, it may replace with a dc-battery 20 and the capacitor in which 
charges and discharges other than a rechargeable battery are possible, for example, a capacitor, may 
be used. 

[0018] Parallel connection of a fuel cell 40 and the dc-battery 20 is carried out to the inverter 60. The 
diode 42 for preventing that the current generated by the current or synchronous motor 61 from a dc- 
battery 20 flows backwards is formed in the circuit from a fuel cell 40 to an inverter 60. In order to 
use properly the power of the power source connected to juxtaposition appropriately, it is necessary 
to control both relative electrical-potential-difference difference. In this example, DC-DC converter 
30 is formed between the dc-battery 20 and the inverter 60 from this purpose. DC-DC converter 30 is 
the electrical-potential-difference converter of a direct current. DC-DC converter 30 does so the 
function which adjusts DC electrical potential difference inputted from the function, the fuel cell 40, 
or motor 61 which adjusts DC electrical potential difference inputted from the dc-battery 20, and is 
outputted to an inverter 60 side, and is outputted to a dc-battery 20. The charge and discharge of a 
dc-battery 20 are realized by the function of DC-DC converter 30. 

[0019] Between the dc-battery 20 and DC-DC converter 30, the car auxiliary machinery 50 and the 
FC auxiliary machinery 51 are connected. That is, a dc-battery 20 serves as a power source of such 
auxiliary machinery. In the car auxiliary machinery 50, the various power devices used at the time of 
operation of a car are said, and a lighting device, air-conditioning equipment, a hydraulic pump, etc. 
are contained. In the FC auxiliary machinery 51, the various power devices used for operation of a 
fuel cell 40 are said, and the heater which adjusts the temperature of the pump for supplying fuel gas 
and a reforming raw material and a reforming machine is contained. 

[0020] Operation of each element mentioned above is controlled by the control unit 10. The control 
unit 10 is constituted as a microcomputer which equipped the interior with CPU, RAM, and ROM. A 
control unit 1 0 controls switching of an inverter 60, and outputs the three-phase alternating current 
according to demand power to a synchronous motor 61. Operation of a fuel cell 40 and DC-DC 
converter 30 is controlled so that the power according to demand power is supplied. 
[0021] In order to realize these control, various sensor signals are inputted into a control unit 10. The 
accelerator pedal sensor 11, the SOC sensor 21 which detects the charge condition SOC of a dc- 
battery 20 (State Of Charge), the flow rate sensor 41 which detects the quantity of gas flow of a fuel 
cell 40, and the speed sensor 62 which detects the vehicle speed are contained in these sensors. 
Illustration was omitted about the other sensors connected to a control unit 1 0. 
[0022] B. Power control processing : drawing 2 is the flow chart of the power control processing at 
the time of transit. When a control unit 1 0 repeats and performs this processing with other control 
processings, it can control and run the drive of a motor 61 . 

[0023] In this processing, a control unit 10 sets up the demand power Ereq to a fuel cell 40 (step 
S10). Power Ereq is found by the sum of three elements of the transit demand power Ed, the charge- 
and-discharge power Eb, and the auxiliary machinery power Es. 

[0024] In order that a car may run, the transit demand power Ed is the power which should be 
supplied to a motor 61, and is found in the following procedure. First, a control unit 10 sets up the 
target rotational frequency of a motor 6 1 , and target torque. These values are given on the table of 
accelerator pedal opening and the vehicle speed. Both product serves as power which should be 
outputted from a motor 61 . The transit demand power Ed is found by **(ing) this power by the 
operation effectiveness of a motor 61 , and the ratio of the power outputted to per power 
consumption. Since target torque serves as a negative value in case a motor 61 is operated as a 
generator and carries out regenerative braking, the transit demand power Ed also serves as a negative 
value. 

[0025] The charge-and-discharge power Eb is the power accompanying the charge and discharge of 
a dc-battery 20. The charge condition SOC of a dc-battery 20 is controlled to be maintained at the 
predetermined range. If SOC becomes lower than a predetermined lower limit, charge to a dc-battery 
20 will be performed. The charge-and-discharge power Eb serves as a positive value according to the 
power which is needed for charge. Consequently, the demand power Ereq increases with charge of a 
dc-battery 20. On the other hand, if SOC becomes higher than a predetermined upper limit, discharge 
from a dc-battery 20 will be performed. The charge-and-discharge power Eb serves as a negative 
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value according to discharge power. By discharge from a dc-battery 20, the demand power Ereq 
becomes low. 

[0026] The auxiliary machinery power Es is power taken to drive the car auxiliary machinery 50 and 
the FC auxiliary machinery 5 1 . According to both operational status, it is set up, respectively. 
[0027] A control unit 10 sets up the output voltage of a fuel cell 40 so that the demand power Ereq 
set up at step SI 0 may be outputted, and it controls the quantity of gas flow of a fuel cell 40 (step 
SI 2). An electrical potential difference is set up on the following map. Drawing 3 is the explanatory 
view showing the output characteristics of a fuel cell 40. The relation between power and a current 
was shown in the upper case, and an electrical potential difference and the relation of a current were 
shown in the lower berth. 

[0028] The output characteristics of a fuel cell 40 are changed according to the quantity of gas flow 
supplied. As for the curve Afl of the lower berth, the quantity of gas flow shows the high condition, 
as for the condition that a quantity of gas flow is low, and the curve Af2. When a quantity of gas 
flow is low, the point with which an electrical potential difference begins to fall shifts to a low 
current side. 

[0029] Based on a power-current characteristic map (upper case), the current Ifc according to the 
demand power Ereq can be searched for. Moreover, it can ask for the electrical potential difference 
Vfc according to Current Ifc based on a voltage-current property map (lower berth). The quantity of 
gas flow of a fuel cell 40 is low, and when the power demanded with sufficient electrical-potential- 
difference value must have been outputted, based on these property maps, the desired value of a 
quantity of gas flow is also set up collectively. 

[0030] Next, a control unit 10 sets up the output voltage of a DC-DC converter (step SI 4). When the 
charge-and-discharge power Eb is negative when discharging a dc-battery 20 namely, a dc-battery 20 
side is considered as an input, it considers an inverter 60 side as an output, and an output voltage 
value is made in agreement with the output voltage value of a fuel cell 40. An inverter 60 side is 
considered as an input and it considers a dc-battery 20 side as an output, when the charge-and- 
discharge power Eb is forward when charging a dc-battery 20 namely. Let an output voltage value be 
a predetermined value suitable for charge of a dc-battery 20. This predetermined value may be 
fluctuated according to the power good [ as constant value ] and charging. 
[003 1 ] To become the set-up output voltage, a control unit 1 0 controls and combines a DC-DC 
converter, and it controls an inverter 60 so that demand power is supplied to a synchronous motor 61 
(step SI 6). From a fiiel cell 40, the power according to a quantity of gas flow is outputted with 
switching of an inverter 60. Moreover, from a dc-battery 20, the charge and discharge of the power 
according to the difference of the power outputted from a fuel cell 40 and the power consumed with 
an inverter 60 are carried out. For example, when response delay is in the output of a fuel cell 40, a 
part not to fulfill the demand power Ereq is compensated by the dc-battery 20. The output of a fuel 
cell 40 takes the output from a dc-battery 20 for approaching the demand power Ereq, and reduces it 
gradually. By the above-mentioned control, power can be supplied by high responsibility. 
[0032] The power from a dc-battery 20 is guaranteed to the car auxiliary machinery 50 and the FC 
auxiliary machinery 51 at least. At the time of charge of a dc-battery 20, a fuel cell 40 or the power 
from a synchronous motor 61 may be supplied to such auxiliary machinery. 

[0033] C. A setup of a power ratio : in this example, use a fuel cell 40 as a main power supply, and 
use a dc-battery 20 as an auxiliary power source which compensates the response delay of a fuel cell 
40 as above-mentioned power control explained. The energy efficiency of the car under this premise 
is changed by the power ratio of a fuel cell 40 and a dc-battery 20. In this example, in order to realize 
high energy efficiency, the power ratio was set up in the procedure shown below at the time of a 
system design. 

[0034] Drawing 4 is process drawing showing the setting approach of the power ratio of a fuel cell 
and a dc-battery. First, the maximum output of the motor carried in a car is set up (step S20). It can 
set up based on the weight of a car, the target maximum vehicle speed, acceleration, etc. Next, the 
maximum demand power is set up by **(ing) the maximum output set up in this way at the operation 
effectiveness of a motor (step S22). It may combine with the output of a motor and the power 
consumption in auxiliary machinery may be taken into consideration. In order to fully utilize the 
capacity of a motor, the maximum output total value of a fuel cell 40 and a dc-battery 20 needs to be 
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more than this maximum demand power. 

[0035] On the other hand, the lower limit of the power ratio of a fuel cell 40 and a dc-battery 20 and 
a upper limit are set up based on the predetermined criteria of representing the run state of a car. A 
power ratio means "the maximum output of the maximum output/dc-battery of a fuel cell." For 
example, a lower limit can be set up based on the continuation round-of- visits engine performance 
(step S24). As an example, the car weight of 2000kg and the car of 80% of motor efficiencies are 
considered. If inclination and the 120km [/o'clock ] continuation round-of- visits engine performance 
are set up as desired value 4.5%, demand power will be computed with about 65kW. If the maximum 
demand power was lOOkW temporarily, the power ratio which is needed since the demand power of 
a continuation round of visits is outputted with a fuel cell 40 is set up or more with 0.65. 
[0036] The upper limit of a power ratio can be defined based on the regeneration capacity of a dc- 
battery (step S26). In order to fully raise the energy efficiency of a car, it is desirable to charge the 
power revived by the motor 61 at the time of braking at a dc-battery 20. When the capacity of a dc- 
battery 20 is small, decline in energy efficiency will be caused, so that regeneration power cannot be 
charged. For example, about the car of the car weight of 2000kg, and 80% of motor efficiencies, 
when operation with the 10-15 so-called mode is performed, the maximum regeneration power at 
the time of moderation is computed with about 20kW. Since, as for the capacity of a dc-battery 20, 
20kW is needed in order that the maximum demand power may charge lOOkW, then this 
regeneration power temporarily, the upper limit of a power ratio is set up with 0.8. 
[0037] It cannot be overemphasized that the lower limit of a power ratio and a upper limit cannot be 
concerned with such operational status, but many things can be set up according to the target engine 
performance of a car. 

[0038] Next, a power ratio is set up in consideration of the energy efficiency of a car, a upper limit, 
and a lower limit (step S28). The following approach can estimate effectiveness. 
[0039] Drawing 5 is the explanatory view showing the relation between a power ratio and a fuel 
consumption ratio. It is the result of simulating fluctuation of the fuel consumption at the time of 
changing a power ratio about the car of the car weight of 2000kg, and 80% of motor efficiencies. 
The result (continuous line in drawing) in the 10-15 mode and the result (broken line in drawing) in 
the LA4 mode were shown. The LA4 mode is operation mode used as fuel consumption calculation 
criteria in the U.S. A fuel consumption ratio means the value which normalized the fuel consumption 
in each power ratio with the maximum fuel consumption. It turns out that a fuel consumption ratio 
becomes [ a power ratio ] high very much in 40% - 80% of range as illustrated. 
[0040] It is the range where energy efficiency becomes high, and if 80% of upper limits of the power 
ratio explained previously and 65% of lower limits are taken into consideration, in this example, 
65% - 80% of range is suitable for a power ratio. The output of a fuel cell 40 and a dc-battery 20 is 
set up so that the conditions on which a power ratio goes into this range, and the conditions from 
which the sum of the maximum output becomes more than the maximum demand power may be 
satisfied (step S30). A setup whose sum of the maximum output of a fuel cell 40 and a dc-battery 20 
corresponds with the maximum demand power is the most desirable. 

[0041] D. Effectiveness : according to the power-source system of this example explained above, 
there is an advantage which is excellent in fuel consumption by equipping a dc-battery 20 side with 
the DC-DC dc-battery 30. Drawing 6 is the explanatory view showing the improvement 
effectiveness in fuel consumption. The broken line shows the fuel consumption at the time of 
replacing the location of a DC-DC converter with a fuel cell side in the configuration of drawing 1 . 
The continuous line shows the fuel consumption in the configuration of this example. The former 
maximum normalized and showed fuel consumption. Fuel consumption improves about 5% of 
maxes by connecting a DC-DC converter to a dc-battery side as illustrated. The reason is considered 
as follows. 

[0042] A DC-DC converter is usually range whose effectiveness at the time of electrical-potential- 
difference conversion is about 90 - 95%. In this example, the fuel cell is used as a main power 
supply. Therefore, when a DC-DC converter is connected to a fuel cell side, loss by electrical- 
potential-difference conversion arises about the power of most which is outputted from a power- 
source system. On the other hand, loss by electrical-potential-difference conversion can be controlled 
by connecting a DC-DC converter to a dc-battery side with the electric energy comparatively small 
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like this example to output. 

[0043] By connecting a DC-DC converter to a dc-battery side with comparatively small electric 
energy, the miniaturization of a DC-DC converter, as a result the miniaturization of the whole 
power-source system can be attained. 

[0044] In the power-source system of this example, the car auxiliary machinery 50 and the FC 
auxiliary machinery 5 1 are connected between the dc-battery 20 and DC-DC converter 30. 
Consequently, even if it is at the DC-DC converter's 30 failure and generation-of-electrical-energy 
impossible time of a fuel cell 40, the electric power supply to such auxiliary machinery is 
guaranteed. For example, the case where a fuel cell 40 is in the condition that generation of electrical 
energy sufficient by non-warming up cannot be performed is considered. In this example, with the 
power from a dc-battery 20, the FC auxiliary machinery 5 1 can be driven and warming up of a fuel 
cell 40 and starting can be performed. Also about the car auxiliary machinery 50, actuation can be 
guaranteed within the capacity of a dc-battery 20. Therefore, according to this example, the 
dependability of a power-source system and a car can be improved. 

[0045] According to this example, optimization of the power ratio of a fuel cell 40 and a dc-battery 
20 can be attained, and high energy efficiency can be realized. The system design with which are 
satisfied of the both sides of the engine performance and energy efficiency is realizable by setting up 
a power ratio in consideration of the target engine performance which specifies others, a lower limit, 
and a upper limit. [ effectiveness / operation ] 

[0046] As mentioned above, although the various examples of this invention were explained, it 
cannot be overemphasized that configurations various in the range which this invention is not limited 
to these examples and does not deviate from the meaning can be taken. For example, this invention 
is applicable to the power-source system of not only a car but various devices. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the configuration of the car carrying the power- 
source system as an example. 

[Drawing 2] It is the flow chart of the power control processing at the time of transit. 
[Drawing 3] It is the explanatory view showing the output characteristics of a fuel cell 40. 
[Drawing 4] It is process drawing showing the setting approach of the power ratio of a fuel cell and a 
dc-battery. 

[Drawing 5] It is the explanatory view showing the relation between a power ratio and a fuel 
consumption ratio. 

[Drawing 6] It is the explanatory view showing the improvement effectiveness in fuel consumption. 
[Description of Notations] 

I — Power-source system 
1 0 — Control unit 

I I — Accelerator pedal sensor 
20 - Dc-battery 

30 - DC-DC converter 

40 - Fuel cell 

41 — Flow rate sensor 

42 - Diode 

50 — Car auxiliary machinery 
51— FC auxiliary machinery 

60 — Inverter 

6 1 — Synchronous motor 

62 — Speed sensor 
63L, 63R - Wheel 
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[Drawing 1 ] 




[Drawing 2 ] 
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